1. Introduction {#s0010}
===============

Physical inactivity has been one of the major concerns in public health around the world. A global study identified physical inactivity as the 4th leading risk factor for global mortality.[@bib0010] This is consistent with the fact that globally about 31.1% of adults were physically inactive, and approximately 80.3% of adolescents (13--15 years old) fail to accumulate 60 min of daily moderate-to-vigorous physical activity (MVPA).[@bib0015] According to a national survey in China, there are approximately only 8% of Chinese school-aged students (6--18 years old) who perform any type of MVPA after school due to the academic pressure.[@bib0020] Another recent national survey found that only 9.4% of boys and 1.9% of girls met the goal of 60 min of MVPA each day.[@bib0025]

While the data strongly suggest that an intervention to reverse the physical inactivity trend is necessary, it is important to first gain a better understanding of the various determinants of physical activity (PA). As a central component of Bandura\'s Social Cognitive Theory, self-efficacy is defined as an individual\'s belief in his or her ability to execute specific behaviors and is believed to be an important determinant influencing human behavior.[@bib0030] Indeed, numerous studies have documented that individuals\' perceived self-efficacy directly influences their PA participation[@bib0035], [@bib0040] or mediates the relationship between other variables (e.g., social support, physical environment) and PA.[@bib0045], [@bib0050], [@bib0055], [@bib0060] Experimental studies targeting the enhancement of perceived self-efficacy also resulted in the enhancement of PA enjoyment among middle school students[@bib0065] or PA increase among adolescent girls.[@bib0070]

One of the early PA self-efficacy scales (PASES) was developed by Saunders and colleagues[@bib0075] using 5th grade students as participants. The PASES was based on findings from 2 studies[@bib0080], [@bib0085] and contains 17 indicators categorized into 3 factors (i.e., support seeking, barriers, and positive alternatives). Several subsequent studies, however, failed to support this multi-dimensional scale. For example, Motl and colleagues[@bib0090] recruited 8th and 9th grade students as participants for testing the factorial validity of a similar self-efficacy scale. They generated a shortened 8-item unidimensional model (shortened PA self-efficacy scale, S-PASES) that demonstrated invariances for factor structure, factor loadings, and factor variances across time and groups. Dishman and colleagues[@bib0095] also examined the S-PASES and found this unidimensional model demonstrated acceptable fit for both African-American and Caucasian middle school girls. In addition, Dishman et al.[@bib0095] also found the factor structure, factor loadings, and factor variances were invariant across race and ethnicity. Bartholomew and colleagues[@bib0100] reexamined the 17-item PASES with 4th and 5th grade students. Neither the 3-factor, 17-item model, nor the 1-factor, 17-item model exhibited acceptable fit. Interestingly, they generated the exact same 8-item S-PASES that Motl and colleagues[@bib0090] obtained and found the S-PASES resulted in acceptable fit. Additionally, findings showed metric and structural invariance for this unidimensional S-PASES across Caucasian and Hispanic groups.

Although it seems the S-PASES is better represented by a unidimensional model and the scale is invariant across time and race or ethnicity, research in this area is scarce and most of the relevant research on PASES was conducted in North America. A dimensionality check of the S-PASES has rarely been examined in a different culture. A study conducted by Liang and colleagues[@bib0105] is among the very few that examined factor structure and reliability of S-PASES among elementary school students from Hong Kong. Their findings support the unidimensionality and reliability of Hong Kong version S-PASES. Nevertheless, there are some culture differences between Hong Kong and the Mainland of China, as Hong Kong has been a British colony for many years. Besides, colloquial Cantonese is spoken in Hong Kong, which is different from simplified Chinese used by most of students from China. To our best knowledge, however, a simplified Chinese version of S-PASES has not been tested for its construct validity using students in China as participants.

The positive effect of PA self-efficacy on PA levels prompted scholars to examine gender difference in PA self-efficacy. In general, boys perceived greater self-efficacy than girls.[@bib0110], [@bib0115] For example, 5th grade male students reported higher PA barriers efficacy than their female counterparts.[@bib0120] Additionally, PA levels tend to decrease from childhood to young adulthood.[@bib0125], [@bib0130] It is therefore important to examine the developmental patterns of PA self-efficacy across students\' school years. Research in this area, however, is limited. Most of the studies targeted adults or older adults and their findings reveal a decline in PA self-efficacy or PA barrier efficacy as individuals continue to age.[@bib0110], [@bib0135] It is not clear how students\' perceptions of their PA self-efficacy progresses across 3 education levels (i.e., elementary, middle, and high schools). Such information would be useful in designing intervention strategies to increase school age students\' PA.

The examination of the aforementioned gender and education levels differences in PA self-efficacy should be based on the establishment of measurement invariance of self-efficacy scale at the scalar level. Failure to so would make it unclear if the observed difference is due to actual gender or grade differences or if the differences are caused by different measurement structures.[@bib0140] To our best knowledge, however, measurement invariances of S-PASES across gender and educational levels have not been examined elsewhere.

Another area that has rarely been addressed is the latent mean comparisons between gender and education levels. Previous studies examining differences in PA self-efficacy across groups have been dominated with the traditional technique of composite scores comparisons. Latent means comparison, however, can generate more accurate results than the composite scores comparison using *t* test or analysis of variance (ANOVA) as the latent variables are free of measurement errors.[@bib0145] Finally, although the relationship between PA self-efficacy and PA levels was established in previous studies, the magnitudes of the direct effects comparison between these 2 variables across groups (i.e., gender, education levels) has not been examined before. Findings of such a study would provide useful information regarding the different importance levels of self-efficacy in relationship to PA across various groups.

Thus, we applied the Chinese version of S-PASES (S-PASESC) to a population-based sample of school-aged children and adolescents. The first objective of our study was to examine the dimensionality of the S-PASESC. The second objective was to test the measurement invariance of the S-PASESC across gender and levels of education. Third, after establishing the measurement invariance of S-PASESC, we tested the latent factor means difference across gender and levels of education. Fourth, we examined the relationship between self-efficacy as measured by S-PASESC and PA separated by groups of different gender and education levels. Finally, we compared the direct effects of self-efficacy on PA across gender and different education levels.

2. Methods {#s0015}
==========

2.1. Participants {#s0020}
-----------------

The target population included 5th to 11th grade public school students recruited from 7 cities located in different regions of China (i.e., Shanghai (eastern China); Guangzhou (south central China); Xi\'an (northwestern China); Ürümqi (western China); Yulin (North Shaanxi province); Chuzhou (East Anhui province); and Heihe (northeast region of Heilongjiang province)). A total of 37 elementary, middle, or high schools were contacted and 24 of them agreed to participate in the study. Within each participating school, 1 to 4 classes from the same or different grade levels were randomly chosen as the target classes. The head teacher of each grade then contacted the classroom teacher to invite all students to participate. Due to the busy schedule, we excluded 9th and 12th graders. There were at least 2 graduate teaching assistants or seniors who were sent to each school for collecting data. Data collectors also helped check missing questions and reminded the participants to complete all questions if necessary. The missing data were small (*n* = 28) and excluded from the data. The final data include a total of 3003 participants (49.7% boys; *n* = 626 for elementary; *n* = 1329 for middle school; *n* = 1048 for high school students) whose ages were between 10 and 20 years (14.2 ± 2.0 years, mean ± SD). We obtained permission to conduct the study prior to the investigation from the Institutional Review Board of Shanghai University of Sport, the schools, the participants, and their parents.

2.2. Measurement {#s0025}
----------------

### 2.2.1. S-PASES {#s0030}

The 8-item S-PASES measuring individuals\' PA self-efficacy was adopted from previous studies.[@bib0090], [@bib0095], [@bib0100] This scale is a shorter version adapted from a previously validated PASES that included 17 items categorized into 3 factors.[@bib0075] We also followed the suggestion of Ward and colleagues[@bib0150] by adding playing sedentary videogames as one of the sedentary activities, and replacing the item "I have the coordination I need to be physically active during my free time on most days" with "I can do active things because I know how to do them." An example of one of the S-PASES items is "I can be physically active during my free time on most days no matter how busy my day is." The S-PASES used a 5-point Likert scale ranging from 1 (*disagree a lot*) to 5 (*agree a lot*). A higher score indicates a student perceived higher PA self-efficacy. This instrument has adequate reliability as measured by McDonald\'s Omega (i.e., *ω* = 0.92 for boys, *ω* = 0.94 for girls; *ω* = 0.92 for elementary, *ω* = 0.92 for middle, *ω* = 0.93 for high school groups).

All items of the S-PASES were translated from English to Chinese (the S-PASESC) and then back translated to English by 2 independent bilingual scholars. The back translated version was very close to the original version. Consensus discussions were conducted between the 2 scholars to resolve any minor discrepancies.

### 2.2.2. Leisure time PA {#s0035}

The participants leisure time PA was measured using a Chinese version of the International Physical Activity Questionnaire-short form (IPAQ-S).[@bib0155] The IPAQ-S asks students to self-recall different types of activities (i.e., moderate, vigorous) they performed during the past 7 days. The students were provided with descriptions and examples of each activity type and were asked to record the number of days and the lasting time (in minutes) for each day of the types of activity in which they participated. Each day\'s moderate or vigorous PA time was added up. The total weekly MVPA time was calculated by the weekly sum of both moderate and vigorous PA time. The reliability and validity of IPAQ-S across 12 countries have been established before.[@bib0155]

2.3. Data analysis {#s0040}
------------------

First, SPSS Version 20.0 (IBM Corp., Armonk, NY, USA) was used to conduct descriptive statistics (mean ± SD) together with the univariate normality check including assessment of skewness and kurtosis values. Second, we used AMOS Version 22.0 (IBM Corp.) to conduct confirmatory factor analysis (*CFA*) with maximum likelihood estimation to test the unidimensionality of the scale, in which we hypothesized that all measured indicators of the self-efficacy instrument were represented by a single latent factor (marker variable with one indicator fixed to 1). We chose *CFA* because the S-PASES has been developed before and the current study is to verify the dimensionality of S-PASESC. The covariance matrix was modeled in *CFA*. All standardized factor loading within this single factor should be larger than 0.6 and statistically significant[@bib0160] in order to support the unidimensionality. Model fit was assessed using chi-square (χ^2^), degree of freedom (*df*), comparative fix index (*CFI*), goodness of fit index (*GFI*), adjusted GFI (*AGFI*), Tucker-Lewis index (*TLI*), root mean square error of approximation (*RMSEA*), and standardized root mean square residual (*SRMR*).The accepted cutoffs for the values of *GFI, AGFI, TLI*, and *CFI* should be greater than 0.90; the thresholds for *RMSEA* and *SRMR* should be less than 0.06 and 0.08, respectively.[@bib0165]

Third, we followed Vandenberg and Lance\'s[@bib0140] suggestion to test measurement invariance with progressively restrictive stages. In Step 1, we conducted a configural invariance test to establish a baseline model across groups. The configural invariance test allows factor loadings, intercepts, as well as residuals to be estimated freely. The establishment of a configural invariance test implies the conceptual framework is the same across groups. If the data do not support the configural invariance test, the measurement invariance test should be terminated. In Step 2, we tested the metric invariance model in which all factor loadings were constrained the same. The metric invariance is a weak invariance test and the establishment of this test means that different groups responded to the indicators in the same way. In Step 3, we conducted the scalar invariance model in which the factor loading and indicator intercepts were constrained to be the same across groups. The scalar invariance test is a strong invariance test and the establishment of this test is required before the latent means can be compared across groups. The metric and scalar invariances tests were examined by assessing the change of *CFI* value; scholars believe the χ^2^ difference test is too strict when the sample size is big.[@bib0170] Therefore, lack of evidence for metric and scalar invariance will be determined if the *CFI* change is \> 0.01.[@bib0175]

Fourth, we compared latent mean differences between gender and levels of education (i.e., upper elementary, middle, and high schools). Specifically, a full scalar invariance model was used as the baseline. To compare latent mean between genders, we constrained the boys\' group latent mean to 0 and the latent means of the girls\' group was free to estimate. To calculate latent mean differences among 3 levels of education, we first set the high school group\'s latent mean to 0 and allowed the elementary and middle school groups\' latent mean to freely estimate, which generated the latent mean comparison between high and elementary schools and between high and middle schools. The middle school group\'s latent mean was then constrained to 0 and the elementary and high school groups\' latent means were allowed to freely estimate. This approach was intended to examine the latent mean difference between elementary and middle schools. We used the value of the critical ratio (CR) to assess latent mean differences. CR is calculated by parameter estimate divided by its standard error, which tests whether the coefficient is significantly different from 0. A CR value larger than 1.96 indicates statistically significant differences in the latent means.[@bib0180] A positive CR implies that the comparison group has higher latent mean than the reference group. Conversely, a negative CR suggests that the comparison group\'s latent mean is smaller than the reference group.

Finally, a naïve bootstrapping method in AMOS (*n* = 5000 resample) was used to examine the direct effects of efficacy barriers on PA by gender and different education levels. The AMOS syntax was developed within the function of the user-defined estimate in order to compare the direct effects of efficacy barriers on PA between boys and girls as well as among different education levels. The naïve bootstrapping method could generate a 95% confidence interval (CI) for both percentile and bias-corrected (BC) bootstrapping in which the statistical significance was determined if the 95% interval does not include 0.[@bib0185]

3. Results {#s0045}
==========

3.1. Descriptive analysis of S-PASESC {#s0050}
-------------------------------------

[Table 1](#tbl0010){ref-type="table"} shows the characteristics of all items of the scale based on the total sample. As can be seen from [Table 1](#tbl0010){ref-type="table"}, the internal consistency (*ω* = 0.93) was very good. All items\' skewness and kurtosis were between +2 and −2,[@bib0190] indicating univariate normality test of the data was assumed.Table 1Scale items, means ± SD, and psychometric properties of Chinese version of physical activity self-efficacy scale based on the total sample (*ω* = 0.93).Table 1Scale itemsMean ± SDMin--MaxSkewness ± SEKurtosis ± SE1. I can be physically active on most days of the week.3.46 ± 1.151--5−0.23 ± 0.04−0.70 ± 0.092. I can ask my parent or other adult to do physically active things with me.3.30 ± 1.181--5−0.19 ± 0.04−0.72 ± 0.093. I can be physically active during my free time on most days even if I could watch TV or play (sedentary) video games instead.3.40 ± 1.171--5−0.18 ± 0.04−0.77 ± 0.094. I can be physically active on most days even if it is very hot or cold outside.3.25 ± 1.171--5−0.07 ± 0.04−0.76 ± 0.095. I can ask my best friend to be physically active with me on most days.3.40 ± 1.171--5−0.22 ± 0.04−0.72 ± 0.096. I can be physically active even at home.3.60 ± 1.121--5−0.41 ± 0.04−0.48 ± 0.097. I can do active things because I know how to do them.3.34 ± 1.121--5−0.13 ± 0.04−0.55 ± 0.098. I can be physically active during my free time on most days no matter how busy my day is.3.33 ± 1.191--5−0.14 ± 0.04−0.80 ± 0.09[^1]

3.2. Factorial validity of S-PASESC {#s0055}
-----------------------------------

Before *CFA* was conducted to test the factorial validity of the scale, we examined the multivariate normality test. Findings showed that the multivariate kurtosis CR (101.394) is bigger than the recommended value of 5.[@bib0190] The violation of multivariate normality would increase the value of χ^2^, which subsequently would negatively influence fit indices of the model. We then used the Bollen-Stine bootstrap method to adjust the inflated χ^2^ value to improve the overall model fit.[@bib0195] The results of modification indices suggested that allowing 6 items to correlate would greatly decrease the χ^2^ value (i.e., Items 2 and 4, Items 6 and 7, and Items 7 and 8) for total, 2 gender, and 3 education level groups. We therefore allowed these residuals to correlate. [Table 2](#tbl0015){ref-type="table"} lists all indicators\' standardized factor loading by total sample and different groups. All items\' standardized factor loadings were above 0.60, supporting the unidimensionality characteristics of this scale. As also can be seen from [Table 2](#tbl0015){ref-type="table"}, after the Bollen-Stine bootstrap correction and allowing 6 items\' residuals to correlate, fit indices for all models (i.e., total sample, different gender, and level of education groups) were very good. [Table 3](#tbl0020){ref-type="table"} includes covariance and correlation matrices of S-PASESC based on the total sample.Table 2Standardized factor loading of indicator and fit indices for total and different groups\' models.Table 2Standardized factor loading of indicators[\*](#tn0010){ref-type="table-fn"}Fit indices of models[\#](#tn0015){ref-type="table-fn"}12345678χ^2^*dfpCFIGFIAGFITLIRMSEA* (90%CI)*SRMR*Total0.7880.6540.8150.8300.7030.6520.6310.77231.9217\<0.00111110.02(0.05--0.06)0.02Boys0.7740.6210.7920.8140.7050.6030.6190.76232.4617\<0.00110.99110.02(0.04--0.07)0.02Girls0.7960.7080.8310.8360.6960.6940.6360.77329.9717\<0.00111110.02(0.05--0.07)0.02Elementary0.7840.6780.8020.8270.6610.6420.6300.72828.9817\<0.00110.9910.990.03(0.03--0.07)0.02Middle0.7770.6570.7950.8260.6850.6440.5950.76730.2817\<0.00110.99110.02(0.03--0.06)0.02High0.7840.6090.8350.8240.7370.6560.6720.78833.2317\<0.00110.9910.990.03(0.06--0.09)0.02[^2][^3][^4][^5]Table 3Covariance and correlation matrices of Chinese version of physical activity self-efficacy scale based on the total sample.Table 3E1E2E3E4E5E6E7E8E11.330.540.650.640.540.520.470.61E20.731.400.530.460.490.430.430.46E30.880.731.370.700.550.510.490.62E40.860.640.951.370.580.510.520.65E50.730.680.760.801.370.480.470.55E60.680.570.670.670.631.260.580.55E70.600.570.640.680.610.721.240.60E80.830.650.870.890.760.740.791.41[^6]

3.3. Measurement invariance {#s0060}
---------------------------

[Table 4](#tbl0025){ref-type="table"} includes the results for measurement invariances of the S-PASESC across gender and 3 education levels. The progressive gender invariance test showed that configural invariance model across gender demonstrated acceptable model fit. The metric invariance test constrained factor loading to be equal across genders. Findings of this test showed that the model fits the data well. Additionally, the change of *CFI* between configural and metric invariance tests is within the threshold of 0.01, supporting the metric invariance across gender. Finally, the scalar invariance test also demonstrated that the indicators\' intercepts were invariant across genders, as the *CFI* change between the scalar and metric invariance tests was not greater than 0.01. The measurement invariance tests across levels of education also had similar findings. The configural model was acceptable. In addition, the metric and scalar invariance tests found that the factor loadings and the indicators\' intercepts were invariance across 3 levels of education.Table 4Measurement invariance tests of shortened Chinese version of physical activity self-efficacy scale across genders and education levels.Table 4χ^2^*dfCFIRMSEA* (90%CI)Δ*CFI***Gender (2 levels)**Configural invariance210.030340.9860.042 (0.036--0.047)Full metric invariance225.609410.9850.039 (0.034--0.044)0.003Full scalar invariance363.879490.9750.046 (0.042--0.051)0.007**Education (3 levels)**Configural invariance219.072510.9860.033 (0.029--0.038)Metric (measurement weight)243.696650.9860.030 (0.026--0.034)0.003Scalar (intercepts)361.955810.9770.034 (0.030--0.038)0.004[^7]

3.4. Latent mean differences {#s0065}
----------------------------

Based on the establishment of the full scalar invariance across both gender and education levels, we can compare the latent mean differences across these groups. Findings of the latent mean comparisons between genders showed that girls (3.19 ± 0.86) had significantly lower PA self-efficacy than boys (3.49 ± 0.85) (CR = −7.84; *p* \< 0.001; Cohen\'s *d* = 0.35). The results of the latent mean differences among education levels revealed that elementary students (3.69 ± 0.9) had a higher score than the middle school (3.31 ± 0.84) (CR = 6.75; *p* \< 0.001; Cohen\'s *d* = 0.43) and high school students (3.16 ± 0.82) (CR = 10.05; *p* \< 0.001; Cohen\'s *d* = 0.61); middle school students had a higher score than the high school students (CR = 4.53; *p* \<0.001; Cohen\'s *d* = 0.18).

3.5. The relationship between self-efficacy and PA as well as the moderating effects of gender and education levels {#s0070}
-------------------------------------------------------------------------------------------------------------------

[Table 5](#tbl0030){ref-type="table"} includes the direct effects of self-efficacy on PA by gender and education levels. Clearly, self-efficacy directlyinfluenced PA for boys (e.g., 95% BC CI: 128.017--174.038), girls (e.g., 95% BC CI: 86.908--127.678), and elementary (e.g., 95% BC CI: 90.997--167.671), middle (e.g., 95% BC CI: 102.815--148.896), and high school (e.g., 95% BC CI: 95.197--136.443) students. [Fig. 1](#fig0010){ref-type="fig"} lists standardized regression coefficients of the relationship between self-efficacy and PA by total and different groups. In addition, as can be seen from [Table 5](#tbl0030){ref-type="table"}, although self-efficacy is significantly related to PA for both genders, the direct effect of self-efficacy on PA is significantly greater for boys than for girls (direct effect gender difference: 95% BC CI: 13.552--74.856). The direct effect comparisons among different education levels revealed no significant difference (90%CI includes 0 for both BC and percentile).Table 5Direct effects of self-efficacy on physical activity by gender and education level as well as the direct effects comparisons among different groups.Table 5ParameterPoint estimateBootstrappingBias corrected 95%CIPercentile 95%CILowerUpper*p*LowerUpper*p*Self-efficacy→weekly MVPA (boys)150.590128.017174.038\<0.001127.680173.838\<0.001Self-efficacy→weekly MVPA (girls)106.85086.908127.678\<0.00186.815127.610\<0.001Boy and girl difference43.74013.55274.856\<0.0113.42074.763\<0.01Self-efficacy→weekly MVPA (Elementary)128.61390.997167.671\<0.00190.707167.368\<0.001Self-efficacy→weekly MVPA (Middle)126.204102.815148.896\<0.001103.276149.210\<0.001Self-efficacy→weekly MVPA (High)114.85095.197136.443\<0.00194.775135.939\<0.001Elementary and middle school difference2.409−40.26045.3880.921−40.37745.3000.929Elementary and high school difference13.763−28.17759.0300.507−28.78258.1600.523Middle and high school difference11.354−19.70640.0550.516−18.95441.0250.469[^8][^9]Fig. 1Standardized regression coefficients for the direct relationship between self-efficacy and weekly MVPA separated by total, gender, and different grade levels. \*\*\* *p* \< 0.001; ^a^ total sample; ^b^ boys; ^c^ girls; ^d^ elementary school students; ^e^ middle school students; ^f^ high school students; MVPA = moderate-to-vigorous physical activity.Fig. 1

4. Discussion {#s0075}
=============

According to Bandura\'s theory,[@bib0030] self-efficacy is a prerequisite for the behavior change. In this study, we administered the Chinese version of the S-PASES to a population-based sample of school-aged students in an effort to explore the scale dimensionality, measurement invariance, latent mean differences, relationship with PA, as well as the comparisons of the direct effects of self-efficacy on PA between genders and education levels. The 1-factor *CFA* test showed that this 8-item S-PASESC exhibited excellent model fit and demonstrated unidimensionality for the total sample as well as by different gender and education levels.

The PASES was initially developed by Saunders and her colleagues.[@bib0075] Their exploratory factor analysis generated 3 factors (i.e., support seeking, barriers, and positive alternatives) with a total of 17 indicators. However, some of the items\' factor loadings were below 0.5 and only 3 items\' factor loadings were above 0.7. Two studies then tested this scale again and both studies retained the same 8-item instrument (S-PASES) forming a single factor. In addition, these studies found the S-PASES demonstrated acceptable model fit.[@bib0090], [@bib0100] Another study also found the S-PASES demonstrated acceptable model fit.[@bib0095] Our finding showed that this unidimensional S-PASES can be generalized to Chinese school-aged students. Specifically, factor loadings of all items of the S-PASESC were above 0.60 and the data fit the model very well. It seems that Chinese students\' PA self-efficacy can be measured with this single-factor instrument. This unidimensional S-PASESC is especially useful in reducing respondent burden in future multivariable data collection study.

4.1. Factor invariance {#s0080}
----------------------

Measurement invariance testing for the S-PASES has been less studied. Scholars typically assumed that the instrument being used operates the same way and contains the same construct across different groups.[@bib0200] To our best knowledge, only 3 studies have conducted measurement invariance tests for the S-PASES. Findings showed that the S-PASES was invariant across time, cohorts, or races.[@bib0090], [@bib0095], [@bib0100] Nevertheless, these studies either only recruited girls or a single education level of students (e.g., elementary or middle school) as participants. Thus, our large-scale population-based sample recruited from multiple sites in China and across 3 education levels are of particular importance. The current study established configural, full metric, and full scalar invariances across gender and levels of education. This finding implies that the S-PASESC has the same construct with each item associated equally with this factor for both genders and students from different education levels. Researchers employing S-PASESC in future studies can compare the PA self-efficacy meaningfully across gender and levels of education.

4.2. Latent mean differences {#s0085}
----------------------------

The establishment of scalar invariance (equal factor loading and intercepts) across both gender and education levels indicated that the mean differences of the S-PASESC can be compared directly. Our findings revealed that boys exhibited higher latent means of PA self-efficacy than girls. This result is consistent with findings from previous studies testing the gender differences in PA self-efficacy using traditional *t* test or ANOVA.[@bib0115], [@bib0120] Results may suggest the necessity to improve the PA self-efficacy among girls in order to increase their PA participation.

Findings also showed that high school students had lower latent means of self-efficacy than middle or elementary students, and middle school students also had lower latent means than elementary students in S-PASESC. The results also correspond with previous studies examining age differences in barrier efficacy to PA, efficacy to adhere to PA in various situations, or capabilities efficacy among adults or older adults using composite mean comparisons technique.[@bib0110], [@bib0135], [@bib0205], [@bib0210] For example, Anderson-Bill and colleagues[@bib0135] found that the 40-year-old group reported higher barrier efficacy to PA than the 60-year-old group. Our study extended previous research by demonstrating that starting from the upper level elementary school years, students\' perceived PA self-efficacy tend to decrease as they continue to age. While the decrease in PA self-efficacy among older adults might be due to the increase in functional limitations associated with aging, the mechanism of the negative relationship between ageing and self-efficacy among Chinese adolescents is not clear and needs further explorations.

4.3. The relationship between self-efficacy and PA as well as the moderating effects of gender and education levels {#s0090}
-------------------------------------------------------------------------------------------------------------------

Bandura[@bib0215] proposed that self-efficacy has a potential to influence exercise adoption, and numerous studies have established the relationship between the variables of gender and educational level.[@bib0220], [@bib0225] For example, the composite scores of self-efficacy measured with Hong Kong version of S-PASES was found correlated with children from elementary schools.[@bib0105] Findings from the current study revealed that self-efficacy positively related to leisure time PA for boys, girls, elementary, middle, and high school students in China. These findings demonstrate that self-efficacy is an important variable to Chinese school-age students that needs to be included in future intervention programs.

Although self-efficacy positively related to PA for both boys and girls, a moderating effect was found for gender such that the relationship between self-efficacy and PA was stronger for boys than for girls. Previous studies in this area generated conflicting findings. For example, Spence and colleagues[@bib0230] found the relationship between self-efficacy and PA was stronger in 7th--10th grade female students than their male counterparts. Our finding, however, is consistent with a study using high school students as participants.[@bib0235] Further examination of the moderating effect of gender within each education levels revealed that self-efficacy related to PA for both boys and girls within each education levels. Additionally, gender only demonstrated its moderating effect in middle school group such that the relationship between the 2 variables is stronger in boys than in girls (data not shown). It seems that self-efficacy is important among both Chinese boys and girls from all 3 education levels (i.e., elementary, middle, and high schools) in influencing their PA. Within middle school, this importance is especially prominent in boys. These findings warrant further investigation to better understand how gender could moderate the relationship between self-efficacy and PA across all levels of education.

Self-efficacy was found positively related to PA for elementary, middle, and high school students. No significant moderating effects of 3 education levels were found. Although students\' perception in self-efficacy continues to decrease across 3 education levels, self-efficacy demonstrated equal importance for elementary, middle, and high school students. To account for gender difference, we examined the moderating effects of 3 education levels for boys and girls separately and the findings did not change (data not shown). To our best knowledge, this is the first study comparing the direct effects of self-efficacy on PA across 3 education levels. Findings provide evidence to necessitate the change of self-efficacy in all education levels of Chinese students in order to increase their PA.

Several limitations should be noted. First, the original 17-item PASES was not examined in the current study. Future studies should explore the factorial validity of the PASES with participants from different cultures. It would be interesting to test if the same 8-item result would be retained for a shortened unidimensional scale. Second, the participants in our study were all from China. Future study should examine measurement equivalence of the S-PASES across different cultures. Third, it is possible that culture differences may exist among the 7 different cities in which we recruited the participants. Culture differences of various regions and cities within China should be included in future validation study of the S-PASESC.

Despite these limitations, this research, as the first factorial validity and invariance tests of the S-PASESC with participants recruiting from different parts of China made several contributions. First, the study confirmed the unidimensionality of the S-PASESC. Second, the S-PASESC was found invariant at the full scalar level across gender and different education levels. Third, based on the latent mean comparisons, boys demonstrated higher PA self-efficacy and students\' PA self-efficacy tends to decrease from upper elementary to high school levels. Fourth, students\' PA self-efficacy measured by S-PASESC positively related to their weekly MVPA by total sample and groups of different genders or education levels. Finally, compared with female students in middle school, PA self-efficacy seems to be especially important in their male counterparts as evidenced by the stronger positive relationship between PA self-efficacy and PA in boys.

5. Conclusion {#s0095}
=============

The current study supports the unidimensionality of the S-PASESC. In addition, the S-PASESC is invariant across gender and 3 levels of education (i.e., upper elementary, middle school, and high school) at the configural, full metric, as well as full scalar levels. Researchers can compare the concept of PA self-efficacy meaningfully across gender and 3 education levels for Chinese students. Additionally, results from latent mean comparison indicated that boys reported higher PA self-efficacy than girls, high school students exhibited lower PA self-efficacy than middle or elementary school students, and middle school students reported lower PA self-efficacy than elementary school students. Further, self-efficacy as measured by S-PASESC was found related to individuals weekly MVPA by different gender and education levels. Finally, among middle school students, gender moderated the relationship between PA self-efficacy and PA such that this relationship is stronger in boys than in girls.

Acknowledgment {#secc0010}
==============

This work was supported by a grant from the National Social Science Foundation of China (No. 13CTY031). We thank all the participating schools and students for their contribution to the study.

Authors\' contributions {#s0100}
=======================

HC drafted the article, conducted data analysis, and designed the study and interpreted the findings; JD collected data, designed the study, and interpreted the findings; YG provided critical revision of the study. All authors have read and approved the final version of the manuscript, and agree with the order of presentation of the authors.

Competing interests {#s0105}
===================

The authors declare that they have no competing interests.

Appendix {#s0110}
========

Chinese version of shortened PASES (S-PASEESC)1.在每周大部分天数中，我会锻炼身体。2.我可以要求父母或其他成年人和我一起锻炼身体。3.即使我可以看电视或玩电子游戏，我仍然可以在每周大部分天数中的空余时间锻炼身体。4.即使室外非常炎热或寒冷，我仍然可以在每周大部分 天数中锻炼身体。5.我可以要求我最好的朋友和我一起在每周大部分天数中一起锻炼身体。6.即使在家里我仍然可以锻炼身体。7.我可以锻炼身体是因为我知道如何锻炼。8.不管我有多忙，我仍然可以在每周大部分天数中的空闲时间锻炼身体。
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[^1]: Note: *ω* = McDonald\'s Omega.

[^2]: Notes: elementary, middle, and high refer to Grades 5th--6th, 7th--9th, and 10th--12th, respectively.

[^3]: Abbreviations: χ^2^ = chi-square; *AGFI* = adjusted goodness of fit index; *CFI* = comparative fit index; CI = confidence interval; *df* = degree of freedom; *GFI* = goodness of fit index; *RMSEA* = root mean square error of approximation; *SRMR* = standardized root mean square residual; *TLI* = Tuck-Lewis index.

[^4]: *p* \< 0.001 for all indicators.

[^5]: Fit indices were adjusted after Bollen-Stine bootstrapping correction (*n* = 2000) as well as residuals correlation of 6 items (i.e., 2 and 4, 6 and 7, and 7 and 8).

[^6]: Note: Above diagonal is the correlation matrix.

[^7]: Abbreviations: *CFI* = comparative fit index; CI = confidence interval; *df* = degree of freedom; *RMSEA* = root mean square error of approximation.

[^8]: Note: 5000 bootstrap samples.

[^9]: Abbreviations: CI = confidence interval; PA = physical activity; MVPA = moderate-to-vigorous physical activity.
